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Cotton waste and.its composts were found to have enough of the
essential chemical elements that were contained in Vo..vatue 2a vo!vacea
fruit bodies themselves. 'Cutter-fly' and 'card-fly' cotton wastes were
found to have large quantities of hemicellulose and cellulose (constituted
more than 80% of the cotton waste organic materials) which are considered
to be utilizable by V. vo.2vacea. Cotton dust and rice bran were found
to be well balanced supplements while treated chicken manure and sewage
sludge were nitrogen and mineral rich supplements.
Analysis of compost showed that there was depletion of hemicellulose
and cellulose throughout the course of straw mushroom cultivation. But
the amounts of lignin, total phosphorus, total nitrogen and each metallic
element remained virtually unchanged. Therefore, on a proportional basis,
the apparent levels of these materials increased after the ultimate
harvest.
Quantitative studies on the microbial populations revealed the
following patterns of microbial succession during the mushroom production
process During the composting period all microbial groups established
high levels of populations except mesophilic fungi. These high levels
were suppressed after 2 hours of steam pasteurization at 60°C but the
microorganisms regained high population levels when the compost beds were
cooled'for spawning. When the total thermophilic fungal population was
high, Humtieot was found to be the most dominating fungus. With the
commencement of ventilation of the mushroom house, this fungus was found
6to decrease together with the levels of the total. fungal population.
The levels of all microbial groups were more or less constant during
the spawn running period. The thermophilic microorganisms usually dropped
in number when harvest of the mushrooms began. The changes in microbial
population patterns were found to be correlated to the temperature of
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Mushrooms have long been appreciated as a delicacy, but their
nutritive value has only been noticed recently (Hayes, 1969 Mori, 1974
Edwards, 1975 Lee and Chang, 1975 Crisan and Sands, in press). The
straw mushroom, Vo!vaA, :e,Ua vo!vccea (Bull. ex Fr.) Sing. is a fungus
of the tropics and sub-tropics and has been cultivated for decades in
southeastern China and other Asian countries (Chang, in press a).
Singer (1961) stated in his book that straw mushroom cultivation was a
primitive field procedure. The cultivation technique has nevertheless been
improved. Although in many Asian countries,outdoor cultivation under
natural conditions is still very common, pure culture spawns are
widely used. In some countries, the use of green houses, plastic
film and plastic structures have been reported (Ramakrishnan et at.,
1968 Ho, 1972 Chang, 1974). Above all, highly sophisticated
cultivation methods, involving composting, pasteurization of substrates
and environmental controlled growing conditions, have been developed.
The procedure used in Hong Kong is one of the most advanced methods. The
substrate used in this procedure is cotton waste, which is a by-product
of the local textile industry. Large quantities of this material can be
supplied cheaply and constantly. There is no seasonal fluctuation in
supply as in the case of using other agricultural wastes as substrate to
grow mushrooms. Furthermore, this material supports the highest and
most stable yield among substrates in growing straw mushrooms (see Chapter
2, Table 2.1). This procedure is now used in Hong Kong and has been
reviewed recently (Chang, in press a,b). It is used in this investigation.
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Although much work has been done on the cultivation of the
straw mushroom, there is a lack of information of the chemical
changes and the microbial ecology in the mushroom composts. The
importance of such knowledge has been stressed in the cultivation
of the white western mushroom,Agaricus bisporus (Lange) Imbach.
It is discussed in the following chapter which gives a literature
review. The most important concept is that preparation of substrates
for mushroom growth by composting and pasteurization is actually
a fermentation process involving a mixed culture of microorganisms.
The composting of cotton waste.for the cultivation of straw mushrooms
is one example.
The objective of this investigation is to study the microbial
ecology and chemical changes in composting cotton waste for growing
straw mushrooms. It is hoped that an understanding of these aspects
will be useful in improving the techniques of preparing substrates
for the straw mushroom cultivation. The nutritional requirements of
the straw mushroom and the potential of cotton waste in fulfilling
these requirements are also investigated.
This thesis includes two parts..Part I is comprised of two
chapters. Chapter 3 follows the changes in amount in inorganic
elements in the compost during mushroom cultivation. Mineral nutri-
tion of the mushroom is analysed.
Chapter 4 follows the quantitative changes in organic matters
during mushroom cultivation. The importance of different carbon
compounds to the straw mushroom at its different growing stages is
analysed.
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Part II describes the quantitative changes in the populations
of six microbial groups during different stages of composting,
pasteurization and cultivation. These groups are the thermophilic
and mesophilic populations of bacteria, actinomycetes, and fungi.
The changes in the environmental conditions during different stages
are also indicated. Microbial ecology is correlated to these changes.
The temperature pattern in the compost is the most important factor





Although the studies on Votvahie a vo vacea are not so
voluminous as the studies on Agaxtccu, bvo po/uL, there are considerable
reports on the basic biology of the former. Its taxonomy (Shaffer,
1957 Singer, 1961, 1975), morphology (Chang and Yau, 1971), cytology
(Chang, 1969 Chang and Chu, 1969a,b Chang and Ling, 1970 Chang and
Yau, 1971), fine structure (Chang and Tanaka, 1970b, 1971 Chang and
Ling Wong, 1974 Tanaka and Chang, 1972), genetics (Chang and Yau,
1971 Graham, 1975 Chang, in press a Li and Chang, in press), life
history (Chang and Yau, 1971) and the changes in protein quantity and
quality during development (Chang and Chan, 1973) have been reported.
Details on these aspects will not be discussed here, readers are
requested to refer to the recent-accounts.(Chang, 1972, in press a).
In this chapter, attention is focused on the present knowledge in the
development in techniques of straw mushroom cultivation,nutritional
requirements of mushrooms, and the microbial ecology of the mushroom
composts.
2.2 DEVELOPMENT IN TECHNIQUES OF STRAW MUSHROOM CULTIVATION
2.2.1 The traditional method:
Straw mushroom has been cultivated since the 18th centry(Chang,
1977). This technique was then introduced to other Asian countries,
such as Malaysia (Baker, 1934), the Phillipines (Benemerito, 1936),
5and Thailand (Jalavicharana, 1950). Detailed procedures and modifications
have been reported (Benemerito, 1936 Espino, 1936 Singer, 1961 Chang,
1965, 1972, 1974, in press a). Rice straw was used as sustrate.'Spent'
straw, that is, straw after cultivation, was used as spawn (inoculum).
The whole process was carried out in outdoor conditions, and thus was
always influenced by fluctuations of weather. The yield was usually low,
less than 5 kg of mushrooms was produced from 100 kg dry straw. Product-
ion was also unstable. However, this procedure had been widely used for
decades.
2.2.2 Pure culture spawn:
The first advancement in modern straw mushroom cultivation was
the use of pure culture spawn as inoculum. The idea was first proposed
by Singer (1961) and technique was developed by Chang (1964). The
procedure is similar to spawn production in the AgcV icuz industry
(Sinden, 1932). Pure cultures maybe obtained by culturing tissue from
the stipe'of the mushroom, or by isolating basidiospore germlings(Chang,
1972).
A variety of spawn substrates have been reported. Alicbusan and
Ela (1967) have tried many different plant materials, such
as leaves and leaflets of GZixicidta zep- um, Leucaevta gtauca and V ,Lgna
,seagc Lpedat.us, brewer's grains, coffee pulp,tobacco midribs, and various
combinations of stable manure plus loam mixtures. They were considered
to be good spawn substrates. Various types of grains and grain powders,
and other plant materials were also reported to be used for spawn sub-
strates (Madane et a,e.,1974). Although the most commonly used substrate
6is chopped straw supplemented with various nutrients (Bouriquet, 1964
Chang, 1964 Madane et at., 1974 Su and Seth, 1964), a mixture of fresh
horse manure and lotus seed husks (Jalavicharana, 1950) and used tea
leaves (discarded from tea pots) substrate (Chang, in press b) have
been found to be much better.
2.2.3 Substrate diversities:
V. voevaaea grew originally on paddy straw (Chang, 1977). This
traditional substrate has been used in China (Benemerito, 1936 Chang,
1965), Malaysia (Baker, 1934 Sands, 1935), the Phillipines (Alicbusan
and Ela, 1967)a,Thailand (Jalavicharana, 1950), and other countries.
Supplies of paddy straw are usually seasonal, and its abundance differ
from ilace to place. Alternative substrates have.been tested in order to
suit the local conditions. These substrates include cotton waste compost
(Chang, 1974), guinea grass and sugar cane bagasse (Mantel, 1967 Hu et
a.e.,1973), dried banana leaves (Wade, 1970), oil palm bunch waste
(Naida, 1971), oil palm pericarp waste (Yong and Grahan, 1973 Graham
and Yong, 1974), oil palm pericarp waste plus waste paper (Goh and Graha
1972). Comparative figures have shown that none of the alternative
substrates was- as high yielding as cotton waste compost (Table 2.1).
2.2.4 Cultivation methods:
Outdoor cultivation is still very common in many Asian countries
However, indoor cultivation is recieving more and and more attention.
Indoor cultivation provides conditions suitable for growing mushrooms all
the year round. At the same time, the environmental influences may be
1975), water hyacinth (Cheng and Mok, 1971), and sisal tow (Tu et a,
7
Table 2.1 Production of straw mushroom by different
composting materials(% of air-
dry substrate weight).
A. OUTDOOR CONDITIONS
Material Yield % Source
paaay straw 4.5 Tahiland (Jalavicharana, 1950)
paddy straw 6.8-7.3] Hong Kong (Chang, 1965)
(button)
paddy straw 6.0-12.0 India (FAO,TA2331, 1967)
(mature)
dry banana leaves 10.0 Singapore (Wade, 1970)
paddy straw 4.7] Malaysia (Yong Graham, 1973)
oil palm pericarp waste 1.5] Malaysia (Yong Graham, 1973)
oil palm pericarp waste 1.1-2.6] Malaysia (Graham Yong, 1974)
pericarp waste with 7.0-10.0] Malaysia (Graham, unpublished)
(H.K.strain)shredded paper
B. INDOOR CONDITIONS
Material Yield % Source
paddy straw 14.5 Taiwan (Ho, 1972)
paddy straw 28.3 Hong Kong (Yau Chang, 1972)
cotton waste 28.7 Hong Kong (Yau Chang, 1972)
paddy straw 21.6 Taiwan (Hu, Song Liu, 1973)
cotton waste 45.2 Taiwan (Hu, Song Liu, 1973)
sugar cane rubbish 12.4 Taiwan (Hu, Song Liu, 1973)
cotton waste+ paddy straw 27.0 Taiwan (Hu, Song Liu, 1973)
cotton waste 28.2 Taiwan (Tzeng, 1974)
flax tow 1.2 Taiwan (Tzeng, 1974)
baggasse 1.6 Taiwan (Tzeng, 1974)
paddy straw 8.4 Taiwan (Tzeng, 1974)
cotton waste+ paddy straw 1 _A Taiwan (Tzeng, 1974)
cotton wast( 15.U-35.0 Hong Kong (Chang, 1974)
Remarks: after Chang (in press a).
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minimized and higher yield usually result (Table 2.1). There is no
doubt that environmental control would benefit mushroom culture.
Following this line, there have been cultivations in plastic houses
(Ho, 1972 Chang, 1974), green houses (Ramakrishnan et a t..1968),, and
specially designed mushroom houses (Chang, in press a).
Indoor cultivation usually included pasteurization and
environmental control. Several types of pasteurization were reported.
Ho (1972) pasteurized the plastic mushroom houses by raising the
temperature to 60°C with steam within 44 hours. This temperature
was maintained for 5 hours and then cooled down slowly to 30°C for
spawning. San Antonio and Fordyce (1972) pasteurized the compost
with the procedure used for Agcuticuz composts. Chang (1974) suggested
steam pasteurization at 80°C for 6 hours, or 65°C for 12 hours. This
procedure has been revised recently (Chang, in press a). A modification
of this procedure was used in this investigation (Appendix 1).
The environmental conditions under control in the mushroom
house include ventilation, temperature, relative humidity, and
illumination. Temperatures during spawn running are maintained at
30 to 32°C. Relative humidity in the house was suggested to be 85 to
92% (San Antonio and Fordyce, 1972 Chang, 1972).-Fresh air is
preferred when mushroom primodia appear on the beds, but so far.there
is no data on the amount of oxygen needed. Illumination was found to
be an absolute requirement for fruiting (Chang and Yau, 1970a,b) or
at least for normal fruiting (San Antonio and Fordyce, 1972). Light
intensity of 500 lux was found to be optimum.
9In the traditional method using straw and other methods using
different plant materials, there is essentially no composting of
substrates. Substrates are usually soaked in water for some time,
made into beds or trays, and then spawned. Although there is still
no concrete evidence indicating that V. va1vacea needs a fermented
substrate, cotton waste compost does support high and stable yields
(Chang, 1974). Nevertheless, there is much work to be done to
understand the necessity of composting substrates in straw mushroom
cultivation.
NUTRITIONAL REQUIREMENTS-OF MUSHROOMS2.3
2.3.1 Pure culture studies:
Informations on nutritional requirements of V. votvacea. are
very scanty. This fungus does not fruit on sterilized agar media,
therefore all investigations have-emphasized on its mycelial nutritiion
only. Hayes (1972.) has discussed the differences in nutritional
requirements in mycelial growth and fruit body development in A.
b.uspohuo. It is reasonable to adopt such consideration in the study
of V. vo!vacea nutrition. Data obtained from pure culture studies
should be handled with care.
Organic nitrogen sources usually supported better growth of
V. votvacea mycelium than inorganic nitrogen-sources (Rangaswami,
1956Atacador-Ramos e al.,1965 Tzeng, 1975 Goh, 1977 Chandra
and Purkayastha, 1977;Chang-Ho and Yee, 1977). Peptone and asparagine
were shown to be suitable nitrogen sources.
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While certain kinds of simple sugars like glucose, maltose,
lactose and sucrose supported vigorous growth of V. votvaeea mycelium
(Atacador-Ramos et a.2., 1965 Chang-Ho and Yee, 1977 Goh, 1977),
this fungus can also be grown on pentosan and cellulose (Chang-Ho and
Yee, 1977 Goh, 1977). Its cellulolytic activity was demonstrated
recently (Wang et at... 1977). V. vo.2vaCea seems to be able to use
carbohydrates of different levels of complexities. In all reports,
lignin was unable to support any mycelial growth of V. vo.2vacea.
2.3.2 Chemical analysis of composts:
The significance of chemical analysis of composts to mushroom
nutrition falls into two catergories. Firstly, it is essential to
ensure that all elements contained in the mushroom fruit body are
at least present in the. substrate. Secondly, by following the changes
in specific components, the utilization of these components by the
mushroom can be shown.
In A. bL pows cultivation, important contributions were made
by Waksman and his co-workers who related the changes in the
composition of a horse manure substrate during composting to the
activity of microorganisms. By following the chemical changes in the
composition of the compost during cropping, they concluded that the
mushroom derived most of its nutrients from lignin, cellulose, hemi-
cellulos e and protein(eTaksman and McGrath, 1931 Waksman and Nissen,
1932). Further studies gave strong support to this conclusion (Bels--
.Koning, 1962 Muller, 1965 Gerrits, 1968). The mineral constituents
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were also studied in the same manner, but the knowledge in this aspect
is still incomplete (Burrows, 1951a,ab Willam-Engles et at., 1956
Bretzloff and Fleugel, 1962 Reiethuis, 1962).
Until recently, there was no report concerning compost analysis
of VoJvakiet a. composts. The pioneer work was carried out by Goh (19773.
In her dissertation, oil palm pericarp wastes supplemented with various
substances were used to cultivate Votvatu.eUa. The chemical changes
in these composts were followed during c.ultivatiin. A preliminary idea
about the importance of hemicellulose and cellulose in Vo!vcvz .elect
nutrition has been pointed out. However, her emphasis was focused on
nutrition only, no attempt was made to correlate compost analysis with
the preparation of mushroom composts.
MICROBIAL ECOLOGY OF THE COMPOST2.4
Microorganisms are important to the preparation of mushroom
substrates, the colonization of the mushroom mycelium, and the formation
of fruit bodies. Microorganisms colonizing the mushroom compost during
the course of composting and pasteurization can be regarded as active
factors in the preparation of mushroom substrate. They modify the chemical
composition of the compost, change its physical properties, and
subsequently the compost becomes specific for the growth of the mushroom.
Different kinds of microorganisms dominate at different temperatures
and decompose specific kinds of substances (Waksman et £72., 1939).
During the preparation of the mushroom substrate, microorganisms usually
form large amounts of growth factors such as biotin, thiamine, pentho-
thenic acid, nicotinic acid, etc. (Stanek and Zatecka, 1967). These
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substances were proved to stimulate the mycelial growth of A.
bL pohus (Treschow, 1942 Stanek and Zatecka, 1967) and Vo!va Mie22u
vo!vacea (Chandra and Purkayastha, 1977).
A range of different microorganisms has been isolated from
mushroom composts, both during the process of composting in the compost
stacks and during pasteurization (Blondeau, 1959 Fergus, 1964
Laborde et at.,1972 Stanek, 1969 Hayes, 1968 Imbernon et Leplae,
1972). Among these microorganisms, 'fire fang', so-called by the
mushroom growers, is the most notable one. It was formed mostly by
thermophilic actinomycetes. The flavorable influence of these micro-
organisms has been pointed out (Cooney and Emerson, 1964 Fergus,
1964 Hayes, 1968), especially Humicot L, a well-known compost fungus,
was described (Bels-Koning et a,2., 1962). The occurrence of aerobic
and anaerobic thermotolerant and thermophilic bacteria appeared in
the compost in great variety (Stanek, 1967 Hayes, 1969). Results of
Hayes and Randle (1968), and Hayes et a.(1969) demonstrated the
role of bacteria as the 'compost biomass' in the preparation of
mushroom substrate and in the cultivation of mushrooms.
Detailed quantitative studies on microbial populations have been
done on wheat straw compost (Chang and Hudson, 1967). It inspired the
studies on mushroom composts (Hayes, 1968 Stanek,-1969). Using a
dilution plate technique, the numbers of the different groups of
microorganisms, namely, bacteria, actinomycetes, and fungi were
estimatedA .succession of dominance of different microorganisms at
different stages has been shown. It provided an ecological basis for the
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preparation and the subsequent colonization of the compost by the
mushroom.
Reports on such microbial ecology in the compost for V. vofvacea
are still absent. This dissertation is the first attempt toward an
understanding of the microbiological aspects in the preparation and
the cultivation of the straw mushroom on a high-yielding compost, i.e.








Up to the present moment there were' relatively little or no
reliable studies on the nutritional role of minerals to mushrooms'
(Hayes, 1975). Indeed, we can find only a few reports dealing with the
inorganic portion of the compost for the cultivation of Agutt tcu,o
b.uspoJL 4 (Burrows, 1951a,b Bretzloff and Fleugel, 1962 Reiethuis,
1.962 Willam-Engels et at, 1956) and for the cultivation of VotvakLe a.
volvacea. (Goh, 1977). From these reports we cannot get a clear picture
on the role of the elements or their dynamic changes during cultivation.
The most important reason for such lack of information should be the
highly complicated nature of the composts themselves. Another problem
is that we cannot separate the mushroom mycelium from the composts that
are analysed. This problem makes it very difficult to interpret the
analytical data.
In this chapter a comparision in inorganic contents is made
between various cotton waste composts and the button stage fruit bodies
of V. votvacea.,Through such comparision it can be ensured that the
composts should be able to provide sufficient amounts of each element.
However, the nature or availability of each element in the composts
remains obscure.
The changes of the various elements are traced here in order
to reveal their dynamic nature during the processes of compost
preparation and cultivation of the straw mushroom.
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Several heavy metals are listed with their ranges in the compost
samples. Cotton waste is a by-product of the weaving industry. It may
be considered as an industrial waste. An account of heavy metal contents
seems to have a certain value in ensuring the safety of using cotton
waste to produce straw mushrooms.
16
11.9 MATERIALS AND METHODS
3.2.1 Preparation of composts and the cultivation of-mushrooms:
The composts were prepared as described in Appendix 1. The
supplementations of nutrients-were listed in Table 3.1.'The subsequent
cultivation procedure was also described in Appendix 1.
Table 3.1 Types of composts used in inorganic analysis
Formula*.codeCompost
loo% cwCWo1. Cotton waste only
9 2.4% CW+ 3.8% RB+ 3 .8% LimeCWc2.' Control
91.6% CW +3.7% RB +3.7% Lime+ 1% UreaCWu3. Urea supplemented
* CW= cotton waste RB= rice bran Lime= limestone.
3.2.2 Sample collection and pretreatment:
Compost samples were collected at four different stages of
cultivation: at composting (AC), at filling (AF), before spawning(BS)
and post-harvest (PH). These stages were described in Appendix 1. The
method of sample collection and pretreatment were described in Appendix
2.
3.2.3 Determination of inorganic constituents:
Samples were analysed for the following items: total nitrogen
total ash, total carbon and the metallic constituents in the ash.
Detailed procedures were as follows:
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3.2.3.1 Total nitrogen (Kjeldahl, 1883 Schisler,1965): About 0.5g
sample was accurately weighed into a 100 ml Kjeldahl flask. Digestion
of the sample was carried out by heating it with 6ml concentrated
H2SO4 and 0.5g mixed salt catalyst (formulation: 100g K2SO4) lOg CuSO4
and lg selenium powder) in the Kjeldahl flask. When the solution
became clear after 2- 3 hr of heating, digestion was considered
completed. The whole content was then washed into a 50m1 volumetric
flask and diluted to volume. After the solution was cooled down,
its nitrogen content was determined by either distillation or by
the use of an ammonia electrode.
Distillation was carried out with a Kirk-microKjeldahl distillation
apparatus (Thomas). Ammonia in 2ml sample solution was released by
the addition of 2ml saturated NaOH. The mixture was distilled and
ammonia was absorbed by lOml 4% Boric acid with a mixed indicator
(prepared by dissolving O.lg bromocresol green and 0.07g methyl red
in 100ml of ethanol). 25m1 of distillate were collected from each
sample and titrated with 0.05 N HC1. A blank was run in the same
manner. Percentage nitrogen was calculated as follows:
where N= normality of HCl
V= volume (ml) of HCl used
DW= dry weight (g) of sample
F= fraction of sample solution taken
for distillation
Determination of ammonia content in the sample solution was also
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done with an Orion Ammonia Electrode model 95-10 with an Orion Research
digital ionalyzer model 701A.
3.2.3.2 Total ash: About 2g of sample was weighed into a tared
crucible and ashed in a muffle furnace at 700°C for 3 hr. The ash
content was calculated as follows:
WHERE W'= weight.(g) of crucible plus ash
W= weight (g) of crucible
DW= dry weight of sample
3.2.3.3 Total carbon: Total carbon was .computed from ash% (Burrows,
1951b) from the formula:
3.2.3.4 Metallic elements: The various elements in the ash were
taken up by warming the ash in 20% HCl and filtering-, making up to a
final volume of 50ml. The contents of the elements in this solution
were estimated by atomic absorption. spectrophotometry with a Southern
Sandon atomic absorption spectrophotometer. The specific wave length
and condition for each element was summarized in Appendix 3.
19
RESULTS3.3
The metallic contents in three different kinds of composts at
spawning compared with that in mushroom were shown in Table 3.2. All
of the elements found in Vo.evuttLeLea fruit bodies.were present in the
composts. Even the compost prepared with cotton waste only contained
all the elements. A comparision among the three composts showed that
when rice bran and limestone were added to the cotton waste to prepare
compost CWc there were increases in the levels of potassium and
calcium, other elements remained virtually unchanged. When an additional
1% urea was added into such compost, there were increases in calcium,
magnesium and potassium. Total ash content increased from 7.3% in
CWo to 10.5% in CWc and 10.9% in CWu. Potassium is the only element in
mushroom that is significantly higher in percentage than in the composts,
all others are lower or the same in mushroom as compared to that in
the composts.
The contents of the major metallic elements Ca, Fe, Mg, K and
Na (constituted more than 50mg per 100g dry compost) of CWo, CWc and
CWu at four cultivation stages were listed in Table 3.3A and 3.5A. The
corresponding minor element contents were listed in Tables 3.4A and
3.6A. Contents of these elements were found to be rather fluctuating
during cultivation. After the ultimate harvesting there was an apparent
increase in the level of each element. This was due to the loss of
organic materials through the respiration of the microorganisms in
the compost. Since the amount of ash can be assumed to be approximately
constant at all times during cultivation (Cowling, 1960 Gerrits, 1968)
the analytical results were converted to an equal
20
ash basis. The percentage of each constituent may then be read as
the percentage of the dry matter of the starting material (Tables
3.3B,3.4B, 3.5B and 3.6B). Under such consideration, contents of all
elements were found to be rather constant with tolerable deviations.
The amounts of heavy metals in composts were found to be very
low(Table 3.7)., Zinc is the highest in amount while lead cannot be
detected.
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Table 3.2 Metallic constituents of composts at composting comparing
with the same of the straw mushroom. Figures are
average values from three experiments (Exp.
3.1,3.2,and 3.3).Unit:mg/lOOg dry sample
MushroomComposts
Element
CWu This Exp. Lau*CWcCWo
N.D.Cadmium 0.4 1.0 1.1
2731.7Calcium 2780.0 42.5 48.8721.1
Chromium 0.7 0.7 0.90.9
Copper 2.0 1.9 1.9 4.4
Iron 109.0 10.698.8 9.797.8
231.3Magnesium 374.6 89.4362.0
Manganese 2.9 3.0 0.93.0
Potassium 885.1 1276.5 1028.3 4384.04470.0
Lead N.D. N.D. N.D. N.D.
Sodium 455.9 457.7 479.8 40.5900.9
Zinc 2.4 2.9 2.9 7.1
Total ash(% 6.2 10.4 10.7 8.9 9.3
Total C 51.56 49.87 49.22 50.61 50.39
Total N 1.02 1.14 1.24 3.43 7.00
C/N ratio 50.55 43.75
Code: CWo, CWc, and CWu are the same as in Table 3.1
N.D. a Non-detectable'-'- no data.
*Lau- Lau, personal communication.
39.69
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Table 3.3 A. Major metallic constituents of composts at different
stages of cultivation(Exp. 3.1)
Compost Time of Total Total Total Total Total Ash
sampling Ca Fe Mg K Na
Composting 1.033 0.107 0.315 0.987 0.485 7.18
CWo Filling 0.735 0.084 0.197 1.048 0.347 10.00
Spawning 1.107 0.134 0.314 1.313 0.482 8.85
Post-harvest 2.021 0.105 0.437 1.657 0.455 13.42
Composting 2.594 0.129 0.431 1.027 0.459 10.23
CWc Filling 3.910 0.122 0.389 0.997 0.469 10.17
Spawning 2.187 0.080 0.307 1.086 0.360 13.44
Post-harvest 4.823 0.111 0.499 1.444 0.476 15.98
Composting 3.547 0.116 0.478 0.660 0.460 11.40
CWu Filling 2.480 0.050 0.319 1.134 0.305 14.56
Spawning 3.872 0.128 0.534 1.954 0.576 13.00
Post-harvest 5.626 0.129 0.608 1.724 0.517 19.18
B. Data converted on constant ash basis
Composting 1.033 0.107 0.315 0.987 0.485 7.18
Ciao Filling 0.528 0.060 0.141 0.753 0.249 7.18
Spawning 0.898 0.108 0.255 1.065 0.391 7.18
Post-harvest 1.081 0.056 0.234 0.886 0.244 7.18
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
Composting 2.504 0.129 0.431 1.027 0.459 10.23
CWc Filling 3.208 0.123 0.392 1.002 0.362 10.23
Spawning 1.663 0.061 0.234 0.827 0.274 10.23
Post-harvest 3.088 0.071 0,320 0.925 0.305 10.23
Composting 3.547 0.116 0.478 0.660 0.460 11.40
CWu Filling 1.942 0.039 0.250 0.888 0.239 11.40
Spawning 3.396 0.113 0.468 1.713 0.505 11.40
Post-harvest 3.344 0.077 0.362 1.025 0.313 11.40
Code: The same as Table 3.1.
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Table 3.4. A. Minor metallic constituents or composts at airrerent
stages of cultivation (Exp.3.1)
Unit:mg/100g dry sample
Compost Time of Total Total Total Total Total Ash
sampling Cd Cr Cu Mn Zn %
Composting 0.5 0.4 1.9 3.4 2.8 7.18
CWo Filling 0.4 0.5 1.0 2.2 2.7 10.00
Spawning 0.6 0.5 1.0 3.7 2.7 8.85
Post-harvest 1.7 0.6 2.7 3.4 4.4 13.42
Composting 1.3 0.7 2.3 3.7 3.8 10.23
CWc Filling 1.1 0.5 1.6 2.3 5.3 10.17
Spawning 0.8 0.5 0.9 2.3 2.6 13.44
Post-harvest 2.0 0.7 2.7 3.3 4.9 15.98
Composting 1.5 0.3 2.4 3.3 4.1 11.4(
CWu Filling 0.6 0.2 0.9 1.9 1.6 14.5+
Spawning 1.5 0.5 1.5 3.8 8.7 13.0(
B. Data converted on constant ash basis
Composting 0.5 0.4 1.9 3.4 2.8 7.18
Filling 0.3 0.4 0.7 1.6 1.9 7.18
CWo Spawning 0.5 0.4 0.8 3.0 2.2 7.18
Post-harvest 0.9 0.3 1.4 1.8 2.4 7.18
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
Composting 1.3 0.7 2.3 3.7 3.8 10.23
CWc Filling 1.1 0.5 1.6 2.3 5.3 10.23
Spawning 0.6 0.4 0.7 1.8 2.0 10.23.
Post-harvest 1.3 0.5 1.7 2.1 3.1 10.23
Composting 1.5 0.3 2.4 3.3 4.1 11.40
CWu Filling 0.5 0.2 0.7 1.5 1.3 11.40
Spawning 1.3 0.4 1.3 3.3 7.6 11.40
Post-harvest 1.5 0.4 1.5 2.6 3.7 11.40
Code: The same as Table 3.1.
post-harvest 2.6 0.7 2.5 4.4 6.3 19.18
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Table 3.5 A. Major metallic constituents of composts at different
stages of cultivation (Exp.3.2)
Compost Time of Total Total Total Total Total Ash
sampling Ca Fe Mg K Na
Composting 0.593 0.064 0.164 0.811 0.403 4.24
Filling 0.836 0.090 0.243 1.087 0.438 4.65
CWo Spawning 0.772 0.067 0.176 0.820 0.445 4.80
Post-harvest 1.090 0.117 0.234 0.902 0.832 5.97
Composting 3.198 0.086 0.350 1.276 0.501 10.00
Filling 3.530 0.073 0.320 0.987 0.499 8.22
CWc Spawning 1.394 0.074 0.289 0.955 0.536 7.35
Post-harvest 5.477 0.128 0.564 1.809 0.700 15.01
Composting 1.222 0.078 0.220 1.234 0.550 7.23
Filling 3.474 0.064 0.338 1.026 0.430 8.10
CWu
Spawning 4.060 0.082 0.371 1.027 0.514 8.69
Post-harvest 3.885 0.156 0.561 2.186 1.268 15.60
B. Data converted on constant ash basis
Composting 0.593 0.064 0.164 0.811 0.403 4.24
Filling 0.763 0.082 0.222 0.991 0.400 4.24
CWo Spawning 0.682 0.059 0.155 0.724 0.383 4.24
Post-harvest 0.774 0.083 0.166 0.641 0.591 4.24
Composting 3.198 0.086 0.357 1.276 0.501 10.00
CWc Filling 4.295 0.088 0.398 1.201 0.607 10.00
Spawning 1.896 0.100 0.393 1.299 0.729 10.00
Post-harvest 3.649 0.085 0.376 1.205 0.467 10.00- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
Composting 1.222 0.078 0.220 1.234 0.550 7.23
CWu Filling 3.101 0.057 0.301 0.917 0.384 7.23
Spawning 3.378 0.069 0.308 0.855 0.427 7.23
Post-harvest 1.801 0.072 0.260 1.013 0.587 7.23
code: The same as Table 3.1.
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Table 3.6 A. Minor metallic constituents of composts at different
stages of cultivation (Exp.3.2)
Unit: mg/100g dry sample
Compost Time of Total Total Total Total Total Ash
sampling Cd Cr Cu Mn Zn %
Composting 0 0.6 1.8 2.1 1.8 4.24
Filling 0.2 0.7 1.0 2.3 1.0 4.65
CWo Spawning 0.6 0.5 1.3 2.3 1.3 4.80
Poat-harvest 1.3 0.9 1.2 3.2 2.5 5.97
composting 1.0 0.6 1.5 2.2 2.0 10.00
Filling 0.8 0.5 1.1 2.3 1.2 8.22
CWc Spawning 0.9 0.5 2.0 1.9 2.1 7.35
Post-harvest 2.4 0.7 2.3 3.2 3.5 15.01
Composting 0.2 0.6 1.4 .25 1.4 7.23
Filling 1.1 0.4 1.3 2.5 1.3 8.10
CWu Spawning 1.8 0.6 2.6 .28 2.6 8.69
Post-harvest 3.0 1.7 2.2 4.4 4.6 15.60
B.Data converted on constant ash basis.
Composting 0 0.6 1.8 2.1 1.8 4.24
Filling 0.2 0.6 0.9 2.1 0.9 4.24
CWo pawning 0.5 0.4 1.2 2.0 1.2 4.24
Post-harvest 0.9 0.6 0.9 2.3 1.8 4.24
Composting 1.0 0.6 1.5 2.2 2.0 10.00
Filling 1.0 0.6 1.3 2.8 1.5 10.00
CWc Spawning 1.2 0.7 2.7 2.6 2.9 10.00
Post-harvest 1.6 0.5 1.5 2.1 2.3 10.00
Composting 0.2 0.6 1.4 2.5 7.23
Filling 1.0 0.4 1.2 2.2 1.2 7.23
CWu. Spawning 1.5 0.5 2.2 2.3 2.2 7.23
Post-harvest 1.4 0.8 1.0 2.0 .21 7.23
Code: The same as Table 3.1.
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Table 3.7 Heavy metals of composts at spawning and the same of mushrooms (Exp.3.1,3.2
and 3.3) Unit: percentage of sample dry weight
Metal CWo CWc CWu Mushroom
Range Mean Range Mean Range Mean
Cr 0.0005- 0.0017 0.0009 0.0005- 0.0013 0.0008 0.0005- 0.0021 0.0011 0.0009
Cd 0.0006- 0.0009 0.0007 0.0008- 0.0009 0.0009 0.0004- 0.0018 0.0012 N.D.
Cu 0.0010- 0.0081 0.0035 0.0009- 0.0036 0.0022 0.0015- 0.0068 0.0036 0.0044
Mn 0.0023- 0.0037 0.0032 0.0019- 0.0032 0.0025 0.0028- 0.0038 0.0032 0.0009
Pb N.D. N.D. N.D. N.D.
Zn 0.0013- 0.0133 0.0057 0.0021- 0.0034 0.0027 0.0026- 0.0144 0.0086 0.0071




All metallic elements found in the straw mushroom were present in
sufficient amount in the cotton waste itself. Most of these elements
were considered to be essential as described fully by Cochrane(1959)
considering fungi in general and by Bohus (1959) and Hayes (1972)
considering Agcvucw b.tz po'Wt in particular (see Table 3. 8.). Composts
prepared with supplemented cotton waste should be able to meet the
mineral requirement of the straw mushroom. However, the nature or the
availablity of these elements remain unknown. Further experiments
should clarify these points.
Rice bran seems to be quite suitable as supplement. It increases
the mineral content to a considerable amount. Ash percentage increased
from 7.3 in cotton waste to 10.4 in the supplemented compost. Urea
supplementation did not affect the mineral contents further. Potassium
is the only element that is present in significantly higher amount in
the compost than in the mushrooms.
The fluctuation in metallic contents during the first part of
cultivation (i.e., from composting to spawning) is difficult to assess.
The main reason should be unrepresentative sampling which has deviations
that covered the small changes in metallic content during these stages.
The dynamic trend of metallic content changes remains obscure.
Spent compost can always be replenished and recycled as a soil
coditioner and fertilizer for other crops (Hayes, 1974; Graham et at.,
1975). It was suggested that cotton waste compost after mushroom
cultivation can be used as a fertilizer(Chang, in press a). No
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cultivational experiments are described here, but only a brief look at
the chemical compositions of the post-harvest composts. The nitrogen
content, the ash content, as well as the major metallic components
were found to be 'concentrated' in the compost after mushroom cultivation
(Figs. 3.1, 3.2). One exception is sodium which generally changed
little. A comparision in chemical composition between cotton waste
compost and a commercial fertilizer was shown in Table 3.9. It is very
clear that cotton waste compost, having smaller amount of nutrients,
has less heavy metals also. Table 3.7 gives a more detailed account
on the heavy metal composition in cotton waste composts, and in straw
mushrooms. Both had low levels of heavy metals. Cotton waste compost
can then be taken as a'safe' fertilizer. On the other hand, it should
be noticed that it is a carbohydrate-rich and complex compost. Addition
of this compost into the soil will result in an increase in soil
microbial activity which may improve the fertility of the soil in
various ways.
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T able 3 . 8 M inimal nutritionalrequirementsfor all stagesin the growthcycle of A . b A poi 1 w 4
determinedby laboratoryculture( after H ayes , 1 9 7 2 )
P rimodia* * & F ruit bodies* * *M ycelium*
F ormN atureofF ormN atureofC hemicalN utrient
requiredrequirementrequiredrequirementS ymbol
D extrin andAS ugars, e . g .C A bsolute( A )C arbon
simple sugarsglucose
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ammonium sulphate
saltAS alt, e . g .AKP otassium
potassium chloride
saltAS alt, e . g .Mg P artial( P )M agnesium
magnesium sulphate
saltAS alt, e . g .APP hosphorus
sodium phosphate
saltAS alt, e . g .ASS ulphur
sulphate salt
saltAS alt, e . g .PCaC alcium
calcium chloride
saltAS alt, e . g .PFeI ron
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salt or esterAN ot essentialCH3 C 0 0 -A cetate
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* L iquidculturet chniquein flaskscf . T reschow( 1 9 4 4 ) ; * * P etri - plate technique( H ume and H ayes ,
1 9 7 2 ) * * * S mall traysusingautoclavedsubstrates( S mith and H ayes, 1 9 7 2 ) .
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Table 3.9 Metals and nutrient contents in a commercial chemical
fertilizer 'Lush' (after Yip, 1976), farm yard
horse manure (after Waksman,1952) and
spent cotton waste compost. Unit:
mg per 100g dry sample













12.0 1.4'K (%) 1.4
12.0P (%) 1.3 3.0 *
2.332.0N (%) 1.4
Remarks: CF= Commercial fertilizer 'Lush' (Yip, 1976)
HM= Farm yard horse manure (Waksman, 1952)
CWc= Cotton waste compost CWc type after mushroom
cultivation (Exp. 3.1)
'-'= No data. *Data form Exp. 4.2.
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UNIT: mg per 100 gram dry compost




















composting in its originai sense rerers to an incomplete
microbial degradation of organic solid material that involves aerobic
respiration and thermophilic microorganisms. A large part of the
.
organic carbon is respired to carbon dioxide in this process. On the
other hand, minerals, nitrogenous compounds, etc. may remain more or
less intact in the compost.
The preparation of AgwLicus compost, including pasteurization,
is a much less extensive degradation process than the common farmyard
or municipal composting (Muller, 1962). In Agwlicus. composting, about
half of the dry matter is lost during the whole composting and
cultivation process. The loss in compost dry weight and the narrowing
of C/N ratio of the compost from spawning till the end of harvesting
indicated that the growth of mushrooms on the compost is essentially
a continuation of the composting process, the mushroom itself being
the dominant organism in degradation.
votualieeea votvacva, like Agalicus bisponus is also a saprophyte
and is dependent on organic carbon compounds for structural compounds
and energy for growth. The role of carbon nutrition should then be
considered to be of primary importance.
by following the changes in organic compounds of the mushroom
compost during composting and cropping, Waksman and his associates
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(Waksman and McGrath, 1931; Waksman and Nissen, 1932) concluded that
Agaricus derived most of its nutrients from lignin, cellulose and
hemicellulose. This conclusion was well supported and extended by later
studies (Bels-Koning, 1962; Muller, 1965; Gerrits et al., 1965; Gerrits,
1968).
Following Gerrits' (1968) method of study, this chapter gives
the organic composition of the substrates, supplementary materials
of cotton waste compost and the changes in the chemical composition
during composting, pasteurization, spawn running and harvesting. The
roles of cellulose and hemicellulose are emphasized.
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MATERIALS AND METHOD4.2
4.2.1 Collection of basal substrates and supplementary materials:
Cotton wastes and cotton dust were collected from the local
textile factories. Treated chicken manure was collected from the
Agriculture and Fisheries Department, Hong Kong. Sewage sludge was
collected from the sewage treatment plant of the Chinese University
of Hong Kong.
Cotton wastes were the remains of cotton fibers after weaving,
while the cotton dust was the remains of much shorter fibers after
resorting cotton fibers from cotton wastes.
4.2.2 Preparation of composts and procedure of cultivation:
The composts were prepared as described in Appendix 1. The
formula of compost used in this experiment was as follows:88.5% cotton
waste +3.5% rice bran +3.5%limestone +4.5%treated chicken manure. The
subsequent cultivation of the straw mushroom, strain T-l, was also
described in Appendix 1.
4.2.3 Sample collection and pretreatment:
Cotton wastes, supplementary materials and compost samples were
collected and pretreated as described in Appendix 2. Concerning the
changes in organic composition at different stages of cultivation, two
experiments in which sampling was made at different stages of mushroom
developement were carried out. Exp. 4.1: samples collected at composting
(AC), at filling (AF), before spawning (BS), at aeration (AA), and
post-harvest (PH). Exp. 4.2: samples collectedat AC, AF, BS, AA, at
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pinhead appearance (APA), before harvesting (BH), and post-harvest(PH).
Descriptions of these stages are listed in Appendix 1.
4.2.4 Determination of inorganic constituents:
The determination of inorganic constituents,namely, total ash,
total N, total C and C/N ratio followed the same procedure as described
in chapter 3, section 3.2.3. Phosphorus in the ash was taken up by
warming the ash with 20% HCl followed by filtration and dilution to 50m1.
Spectrometric method was used to estimate the phosphorus content in this
solution.
4.2.5 Determination of organic constituents:
The analytical scheme followed that of Muller (1965), Chang
(1967) and Gerrits (1968). The method of gross fractionation of
organic matter (Waksman and Stevens, 1930) was adopted for use in the
present investigation, but ethanol extractions were used instead of
ether extraction (Chang, 1967). Accordingly, five fractions were
recovered by this procedure (Table 4.1).
Table 4.1 Fractions obtained in organic analysis
Fraction Treatment
1. Fats, waxed, oils, resins and 1. Ethanol extraction
some sugars
2. Water-soluble carbohydrates 2. Hot water extraction
(including starch and glycogen)
3. Hemicellulose
3. Hydrolysis with 2% HCl
4. Cellulose
4. Hydrolysis with 80% H2SO4
5. Lignin 5. 80% H2SO4 insoluble
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The detailed procedure for estimation of each fraction is
described in the following sections.
4.2.5.1 Ethanol extraction: About 1.5g of oven-dried sample was
accurately weighed, placed into a Whatman extraction thimble and
extracted with absolute ethanol in a Soxhlet apparatus for 20 hrs.
The ethanol extracted fraction was collected and evaporated to dryness
in an oven at 105°C. The residue was the ethanol extract and its
percentage was calculated as follows:
where EW- weight (g) of residue
DW- weight (g) of sample
4.2.5.2 Hot water extraction: The ethanol-extracted compost was
transferred to a 250ml conical flask to which 150m1 of distilled water
was added. The mixture was boiled under reflux for 4 hrs. The suspension
was cooled and filtered through Whatman no. 54 filter paper. The
residue was washed thoroughly with hot water. The volume of the filtrate
plus wash water was adjusted to 250 or 500ml. A portion of this solution
(usually 50m1) was dried in an oven at 105°C for 24 hrs and weighed when
cooled. The residue was then ignited in a muffle furnace at 660°C for
4 hrs, cooled and weighed. The difference in the two weighings of the
residue was the ash-free hot water extract. Its.percentage was calculated
as follows:
Hot water extract
Ethanol extract % =DM/EW x 100%
%=DW/RW-IW x 100 %
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where RW= weight (g) of dried residue.
IW= weight (g) of ignited residue
DW= weight (g) of dried sample
4.2.5.3 Hemicellulose: The residue from the hot water extraction
was dried in an oven at 105°C. One half of this residue was weighed
into a 250ml conical flask with 150m1 of 2% HC1 and then the mixture
was boiled under ref lux for 5 hrs. The hydrolysate was cooled and
filtered through Whatman no. 54 filter paper. After washing the
residue with 2% HC1, the filtrate with washings were adjusted to 250ml.
The hemicellulose content of the sample was estimated by its reducing
sugar content which was determined by the procedure described in section
4.2.5.6. The percentage hemicellulose was calculated as follows:
Hemicellulose
where SW= weight (g) of reducing sugars
DW= Dry weight (g) of sample
F1=% fraction taken for HC1 hydrolysis
4.2.5.4 Cellulose: The residue obtained after hydrolysis with HCl
was-dried in an oven at 105°C, cooled and weighed. A portion of the
residue (about 0.5g) was weighed into astoppered 100ml conical flask
and hydrolysed with 6 ml 80% H2SO4 at 12 to 14°C for 2.5 hrs. The
digested sample was transferred into a 250m1 conical flask with 130m1
distilled water and boiled for 5 hrs under reflux. The mixture was
cooled, filtered through Whatman no. 54 filter paper and adjusted to
% =DW.F1/SW x 100%
39
500m1. The reducing sugar content of the filtrate was estimated by the
procedure described in section 4.2.5.6. The amount of cellulose was
calculated by the following formula:
where SW= weight (g) of reducing sugars in H2SO4 hydrolysate
DW= weight (g) of dry sample
Fl=% fraction taken for HCl hydrolysis
F2=% fraction taken for H2SO4 hydrolysis
4.2.5.5 Lignin: The residue obtained after H2SO4 hydrolysis was dried
at 105°C, cooled and weighed. This residue was then ignited at 660°C
for 4 hrs, cooled and weighed. The difference in the two weighings was'
the ash-free lignin fraction. Its percentage was calculated as follows:
where RW= weight (g) of dried residue
IW= weight (g) of ignited residue
DW= weight (g) of dried sample
F1=% fraction taken for HCl hydrolysis
F2=% fraction taken for H2SO4 hydrolysis
4.2.5.6 Estimation of reducing sugars: Duplicate 10 to 20m1 aliquots
of solution from sections 4.2.5.3 or 4.2.5.4 were added to two 250m1
conical flasks. These solutions were then diluted to about 100ml and
cellulose % = DW.F1.F2/SW x 100%
Lignin % =DW.F1.F2/RW-IW x 100%
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neutralized with 5% NaOH with methyl orange as indicator. An excess
of Fehling's solution (usually 10ml) was added to the flasks. The
mixture was brought to boiling. Aliquots of 5ml of 2% glucose
solution were added one at a time until the blue color of the mixture
turned red. Boiling was then continued for two minutes. Two to three
drops of methylene blue indicator (1%) was added to the mixture. It
was.then titrated with 2% glucose solution until one drop or O.Iml
of the glucose solution discharged the blue color.
From this rough titration value, the second sample was titrated
by adding as much glucose solution as possible before boiling commenced
and titrated as above. A blank titration was performed using the
same quantity of Fehling's solution as was added to the samples. The
amount of hemicellulose and cellulose was obtained in the aliquots
taken for analysis from the formula:
Hemicellulose, or cellulose, in mg= (V/0- V/1) x 2 x 0.9
V/0= volume (ml) of glucose solution titratedwhere
for the blank




4.3.1 Composition of organic constituents in cotton wastes and
supplementary materials:
The composition of organic constituents in "card fly" cotton
waste, "cutter fly" cotton waste, cotton dust, rice bran, treated
chiiken manure and sewage sludge are listed in Table 4.1. Cotton waste
composts used in Hong Kong straw mushroom cultivation are usually
prepared from mixtures of various proportions of the two types of
cotton waste. "Cuter fly" cotton waste is superior to "card fly"
cotton waste in that there is a finer physical texture and a higher
nitrogen content (1.18%in the former and 0.63% in the latter). Hemi-
cellulose and cellulose account for over 70% of the total organic
.matter in the cotton wastes. They have been demonstrated to be
utilizable by the mycelium of V. volvacea. (Chang-Ho and Yee, 1977
Goh, 1977).
Rice bran is the most commonly used supplementary material in
Hong Kong straw mushroom cultivation. Its nitrogen content is as low
as the "cutter fly" cotton waste, showing that it is not a nitrogen-
rich supplement. However, it is rich in lipid (ethanol extracts) and
minerals. Lipids proved to be stimulating to yields in Agaricus
cultivation (Schisler and Sinden, 1966; Schisler and Patton, 1972; Hayes
1972). Minerals are essential to all living organisms, mushrooms are
no exception. The high content of these substances in rice bran may be
beneficial to mushroom nutrition. Cotton dust is currently being tested
as a new basal substrate in growing the straw mushroom. However, when
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its composition is taken into consideration, it seems more reasonable
to use it as a supplementary material as is rice bran. Cotton dust
has a significantly higher nitrogen content than cotton waste and
even rice bran,but a much reduced content of hemicellulose and cell-
ulose. This is clearly reflected by the low C/N ratio of 23.82. A
compost prepared with a combination of cotton dust and cotton waste
should be self-sufficient in both nitrogen and carbon sources.
Treated chicken manure and sewage sludge are newly tested
supplementary materials. Both have high levels of nitrogen and minerals.
Chicken manure has a higher level of carbonaceous constituents than
sewage sludge.
4.3.2 Organic compost constituents utilized during different stages
of straw mushroom cultivation:
Analytical data for the. composition of organic constituents
at different stages of two cultivations are tabulated in Table 4.2A
and 4.3A. These data are converted to a constant ash basis and listed
in Tables 4.2B and 4.3B. Each component is then represented as the
percentage of the initial dry matter of the compost. The converted
data are plotted in Figs. 4.1 and 4.2.
In Exp. 4.1 (Table 4.3, Fig. 4.1), samples were collected and
analysed at the initiation of composting, end of composting, after
pasteurization, at aeration-and at post-harvest. Ethanol extracts
were very small in amount and changes in level during the whole
course of cultivation were small also. Hot water extracts, hemicellulose
and cellulose all showed significant changes when the compost was
fermented and pasteurized. Decreases in percentage of hemicellulose
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and cellulose continued during spawn running and cropping stages,
while decrease in hot water extracts ceased. Percentage of lignin
apparently accumulated, but on a constant ash basis there was no
significant change during the whole course of the cultivation
process.
In Exp. 4.2 (Table 4.3,Fig. 4.2), samples were collected.
and analysed at two more stages, namely pinhead forming and before
harvesting, in order to reveal the changes in organic constituents
during these stages. Results agreed with those of Exp. 4.1. Decreases
in the levels of hot water extracts, hemicellulose and cellulose were
observed after composting and pasteurization. Further decreases in
hemicellulose and cellulose were very significant prior to pinhead
formation and then remained more or less constant until the end of
harvesting. The percentage of lignin decreased during the preparation
of compost, but increased and remained at a high level ca. 12%. When
the curve of the level of total carbon is compared to that of
hemicellulose and cellulose, it is very clear that the changes in
level of. these two polysaccharides can account for the changes in the
amount of total carbon in the compost.
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Table 4.2 Organic constituents of cotton wastes and supplement
materials. Unit: g per 100g dry sample
Materials CWcu CWca RB CD SS CM
Organic
matter 90.2 92.5 81.7 71.0 52.6 65.9
Ash 5.9 3.4 14.7 15.0 45.1 31.2
Total N 1.2 0.6 1.2 1.7 4.3 3.6
Total C 52.3 53.6 47.4 41.2 30.5 38.2
C/N ratio 44.3 85.2 40.2 23.8 7.1 10.7
Total P 2.3 0.8 7.1 4.6 12.8 3.4
Ethanol extract 2.2 2.3 4.5 5.0 2.3 2.4
Hot water extract 12.4 9.4 20.7 11.8 14.3 20.5
Hemicellu- lose 14.3 8.1 13.2 6.4 3.1 11.6
Cellulose 44.8 73.2 22.1 36.3 2.2 9.5
Lignin 13.4 5.9* 12.2 7.9 38.9* 16.9*
Code:CWcu= cutter-fly cotton waste CWca= card-fly cotton waste




Table 4.3 A. Compost constituents at different stages of mushroom cultivation (Exp.4.1)
Time of Total N Total C C/N Total P Ethanol Hot Hemi- Cell- Lignin Ash
sampling* extr water cell ulose
% % % ext.% ulose % % % %
AC 1.09 51.6 47.3 1.8 1.4 12.9 20.8 63.3 9.3 7.18
AF 1.30 51.0 39.2 2.1 1.5 10.1 18.6 56.6 11.9 8.29
BS 1.25 50.9 40.8 2.0 1.3 7.6 14.7 51.4 13.3 8.31
AA 1.31 50.4 38.4 2.5 1.4 7.0 10.9 52.0 12.3 9.36
PH 1.21 50.2 41.5 2.7 1.6 7,7 13.4 55.4 12.5 9.58
B. Data converted on constant ash basis
AC 1.09 51.6 1.8 1.4 12.9 20.8 63.3 9.3 7.18
AF 1.12 44.13 1.8 1.3 8.7 16.1 49.0 10.3 7.18
BS 1.08 44.0 1.7 1.1 6.6 12.7 44.4 11.5 7.18
AA 1.01 38.6 1.9 1.1 5.4 8.4 39.9 9.4 7.18
PH 0.91 37.7 2.0 1.2 5.8 10.0 41.5 9.4 7.18
Codes of stages are defined in Materials and Method.
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Table 4.4 A. Compost constituents at different stages-of mushroom cultivation (Exp. 4.2)
Time of Total N Total C C/N Total P Ethanol Hot Hemi- Cell- Lignin Ash
sampling*
extr.% ulose
10.478.73 56.76 10.116.932.2540.9 2.721.22 49.94AC
6.99 59.98 8.16 11.068.61.9449.41.AF 1.27 38.9 3.27
BS 1.30 11.4458.065.27 6.9949.20 1.94 9.7037.9 3.34
6.98 54.20 12.55 10.565.70AA 1.21 49.69 41.1 1.843.89
APA 1.34 4.39 53.64 14.9148.40 2.01 12.884.0536.1
BH 6.58 54.2648.64 5.24 12.75 12.451.29 1.9537.7 3.19
1.773.88 15.38PH 54.731.41 48.48 4.11 13.227.3334.4
B. Data converted on constant ash basis:
AC 1.22 49.94 2.72 2.25 6.93 8.73 56.76 10.47 10.11
AF 1.16 45.17 2.99 6.391.77 7.86 54.82 7.46 10.11
BS 1.15 43.48 2.95 1.71 4.66 6.18 51.31 8.57 10.11
AA 47.57 1.76 5.46 6.68 51.893.72 12.02 10.111.16
APA 1.05 37.99 1.583.18 3.45 42.10 11.70 10.11
BH 1.05 2.5939.50 4.261.58 5.34 44.06 11.13 10.11
PH 1.08 37.08 5.61 3.14 41.85 11.76 10.11
*Codes of stages are defined in Materials and Method.
extr. water cell ulose
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Organic analytical data of the cotton wastes showed that ethanol
extracts, hot water extracts, hemicellulose, cellulose and lignin
account for over 80% of the total dry matter. Hemicellulose and
cellulose are the largest fractions and constitute over 70% of the
dry matter. Rice bran and cotton dust are supplements that provided
more or less balanced nutrients as they are not especially rich in
one kind of substances. Treated chicken manure and sewage sludge are
nitrogen rich supplements. These data can be used to calculate
theoretical values of compost constituents prepared with various
combinations of these materials. Examples of such calculations are
shown in Table 4.5.
Rice straw, the traditional basal substrate for straw mushroom
cultivation, was.analysed by Heltay and Zavodi (1959). Another substrate,
oil palm pericarp waste, was recently analysed by Goh (1977). Analytical
data of these two substrates together with cotton waste and cotton
waste compost are listed in Table 4.6. Lignin in cotton waste is as
high as that in rice straw, but only half as much as in oil palm
Pericarp waste. Although the ash content is lowest in cotton waste,
it has a nitrogen level comparable to the other two and the highest
phosphorus level. With the addition of rice bran, limestone and chicken
manure, the C/N ratio of the cotton waste compost is lowered from
64.74 to 40.9 which is considerably lower than that in rice straw and
oil palm pericarp waste.Narrower C/N ratios should result in a better
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fermentation of the compost, but if the C/N ratio is too low (e.g.,
below 25), ammonia volatization may be result (Finstein and Morris,
1975). The supplemented cotton waste compost also has a .higher content
of ash, total nitrogen and phosphorus.
The changes in organic compost constituents of oil palm pericarp
waste, cotton waste compost during composting and cultivation of V.
vo.evaeea will be compared with the wheat straw compost in the cultivation
of A. b zpmu/s (Gerrits, 1968). Since all three composts are of plant
material origin, comparision would seem to be relevent.
Analysis of cotton waste composts on a constant ash basis
following the course of composting, pasteurization and cultivation
showed that levels of ethanol extracts, hot water extracts, hemicellulose
and cellulose decreased while lignin increased. Total carbon decreased
considerably, total nitrogen decreased slightly, resulting in a gradually
dropped C/N ratio.
Ethanol extracts depleted about 20% after the overall cultivation,
however, the amount is very small, only 0.2 to 0.8 of the initial compost
dry matter was lost in this fraction. Furthermore, a large part of this
depletion occured before the composts were spawned.It was most likely
that microorganisms other than the straw mushroom itself were
responsible for this loss.
Lignin constituted about 10% of cotton waste compost dry matter.
After the first four days of composting and subsequent pasteurization,
there were only slight changes in this fraction. An apparent increase
in the level of lignin was observed following cultivation of V. volvacea.
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This increase was possibly due to the more rapid degradation of other
organic compounds, resulting in a'.proportionally higher amount of
lignin. On a constant ash basis, the level of lignin after mushroom
cultivation was essentially unchanged. In comparision, levels of
hemicellulose and cellulose dropped about 50% and 25% respectively.
These two polysaccharides dropped significantly before composts were
spawned and continued to decrease during spawn running and harvesting.
Such phenomenon indicates a preferential utilization of the polysaccharide
fraction over the lignin fraction. Such preferential utilization
was most prominent during the growth period of the straw mushroom.
Goh (1977) has reported similar results, using oil palm pericarp waste
as mushroom substrate. However, in her cultivation, there was no
pasteurization so that changes of chemical constituent levels in a
pasteurization process for preparing mushroom compost are still
unknown. In Agcvu ews.compost prepared with wheat straw, pasteurization
resulted in a sharp decrease in cellulose and hemicellulose levels,
while the amount of lignin remained more or less constant (Gerrits,
1968). In the cotton waste compost, pasteurization resulted in similar
changes, lignin was more or less unchanged while cellulose, and
hemicellulose dropped significantly. Goh (1977) described sharp decline
in hemicellulose and cellulose during both the spawn running and
harvesting periods. In the results presented here, the most significant
drop in the polysaccharides occurred during spawn running just before
the appearance of pinheads, the levels of these two constituents
remained more or less constant and then decreased a little. Such
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results indicate that the mycelium of the straw mushroom utilizes
the polysaccharides vigorously during its colonization on the cotton
waste composts. Once the mycelium establishes itself and starts to
form primodia, it does not require large amount of carbohydrates as
energy and structural sources. Fruit body formation seems to obtain
its energy and structural materials from the mycelium.
The changes in organic constituent amounts during composting
and pasteurization in composts for A.bispoinuscultivation (Gerrits,
1965, 1968) agreed with the results shown in this chapter, supporting
the general view that utilization of polysaccharides and accumulation
of lignin are characteristics of a composting process (Waksman and
Iyer, 1932 Lambert and San Antonio, 1964 Chang, 1967 Gray et al.),
1971). In the cultivation ofAgaktcu4during spawn running and before
pinhead formation, the decrease in hemicellulose and cellulose ceased
and lignin dropped more rapidly. During the harvesting period, lignin
did not decrease further and the hemicellulose and cellulose fractions
were again rapidly depleted. Lignin was then being used by A. bisporus,
but such a result did not occur in volvariella studies. volvariella
seems to be unable to use lignin. Pure culture studies on the mycelial
growth of V. vo1.va.aea gave further support to such conclusion- it
could grow on media with hemicellulose and cellulose as the sole carbon
source, but it could not grow on lignin (Chang-Ho and Yee, 1977 Goh,
1977). The cellulolytic activity of V. vo.2va.Ceu has recently been
studied (Wang et al.,1977) Hydrolytic products of cellulose and
hemicellulose such as cellobiose, glucose and xylose were found to be
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suitable carbon sources for the mycelial growth of V. voevacea (Goh,
1977; Chang-Ho and Yee, 1977; Tzeng, 1974 Atacador-Ramos, 1965; Impens,
1967, 1970). Furthermore, cellulosic plant materials have long been
considered to be suitable substrates for V. voevacea, for example,
rice straw, cotton waste, sugarcane bagasse and dried banana leaves.
All these results indicated that V. voevacea is a cellulolytic fungus
capable of using cellulosic wastes and at the same time producing
delicious and nutritious mushrooms.
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Table 4.5 Calculated chemical compositions of cotton waste composts.
Compost Total N Total C C/N Total P Ethanol Hot Hemi- Cell- Lignin Ash
extr. water ce11- ulose
CWc 1.2 50.6 43.6 2.5 2.2 12.4 13.8 55.6 13.0 6.2
CWc+ 5% CM 1.3 50.1 38.5 2.5 2.2 12.8 13.7 53.6 13.2 7.2
CWc+ 10% CM 1.4 49.5 35.4 2.6 2.2 13.1 13.6 51.7 13.3 8.3
CWc+ 5% Sludge 1.3 49.7 38.2 3.0 2.2 12.5 13.3 53.2 14.1 7.9
CWc+ 10% Sludge 1.4 48.9 34.9 3.4 2.2 12.6 12.9 51.1 15.2 9.4
Remarks: CWc= 92.4%'cutter-fly' cotton waste+ 3.8%rarice bran+ 3.8%Limestone
CM= treated chicken manure
Sludge= sewage sludge.
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Table 4.6 A comparision of the composition of rice straw (after Heltay and
Zavodi, 1959), oil palm pericarp waste (after Goh,
1977), cotton waste and its compost
Unit: percentage of dry weight
Constituent Rice Oil palm Cotton Cotton
straw pericarp waste waste
waste compost
Cellulose 41.60 23.71 59.0 56.76
Hemicellulose 15.10 17.49 11.2 8.73
Lignin 12.80 26.38 9.7 10.47
Total N 0.81 0.91 0.9 1.22
Total P 0.24 0.09 1.6 2.72
C/N ratio 57.71 52.05 64.8 40.90
Remarks: figures for cotton waste are the average of figures for cutter-fly cotton








Composting is essentially an aerobic thermophilic.process which
is brought about by the combined activities of a succession of mixed
microbial populations, each suited to one specific condition of short
duration and each being active in decomposing one type or group of
organic matter. Though the precise role of each group of microbes at
a particular stage of composting is difficult to elucidate, the
ecological succession of microbial populations have been demonstrated
in composts prepared from different materials, e.g., horse manure
(Waksman et al., 1939 Hayes, 1968), wheat straw (Chang and Hudson, 1967),
hay (Gregory et al., 1963), etc. The patterns of various microbial
populations were largely understood. From such population patterns and
species isolated, we can then describe each stage of composting in
terms of microbial activities and evaluate the product scientifically.
The knowledge of such ecological studies can be applied to practical
problems such as composting for mushroom production.
In this chapter, the environmental fluctuations, namely
temperature,pH and moisture fluctuations during composting, pasteurization
and the subsequent mushroom cultivation will be considered first, followed
by the changes in the numbers of six microbial groups-thermophilic and
mesophilic bacteria, thermophilic and mesophilic actinomycetes, and
thermophilic and mesophilic fungi. These population changes will be
described in detail. The relationship between population pattern and
compost temperature will also be analysed.
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MATERIALS AND METHOD5.2
5.2.1 Preparation of composts and the cultivation of mushrooms:
The composts were prepared as described in Appendix 1. The
formula of compost used this experiment was as follows: 88.5% cotton
waste+ 3.5% rice bran+ 3.5% limestone+ 4.5% treated chicken manure.
The subsequent cultivation of the straw, strain T-1 was also described
in Appendix l.
5.2.2 Determination of environmental factors:
Temperature fluctuations in the composts were recorded by thermocords
inserting into the central parts of the compost stack with these cords
connected to a thermorecorder. Temperatures at three levels of the
compost stack were measured (Fig. 5.1). Temperatures of the compost
beds inside the mushroom house were also measured by the same device.
Air temperatures were also measured.
pH of the samples were measured at each time of sampling. About
lOg of compost were soaked in equal amounts of water for half an hour
and the pH of the fluid was measured using a Radiometer Copenhagan pH
meter 28 with glass electrode.
Moisture contents were determined by drying samples to constant
weight in an oven at 1050C.
5.2.3 Sample collection:
Compost samples were collected at the following stages of
cultivation: At composting (AC), at filling (AF), at pasteurization
(AP), before spawning (BS), at aeration (AA), and before harvesting
(BH). These stages are defined in Appendix l.
Samples were collected aseptically and brought to the laboratory
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in fresh plastic bags. Dilutions and platings were usually done within
5 hrs after the samples were collected.
5.2.4 Quantitative analysis of microbial populations:
The dilution plate technique was used for the quantitative
analysis of microorganisms during the different stages of composting and
mushroom cultivation.
The samples were first torn into small pieces with a sterilized
forceps. Exactly 10g of fresh samples was weighed and suspended in
90m1 of sterile water in a 250m1 conical flask. This suspension was
then shakened for 30 min with a mechanical shaker to obtain maximum
dispersion. Portions of the suspension were then pipetted into flasks
of sterilized water to prepare serial dilutions. The degree of dilutions
depended upon the approximate number of viable propagules estimated by
experience to be present.A typical dilution scheme was shown in Table
5.1. Three dilutions were generally used. One of these usually gave
counts near the desired numbers of 10 to 200 for bacteria, 10 to 100 for
actinomycetes, and 1 to 20 for fungi. Six plates were prepared from
each dilution. Half of these were incubated at 23+ 2°C and the other
at 45+ 2°C. The media used were listed in Table 5.2. Rose bengal,
pencillin and streptomycin were added in a solution form just before
plating to prevent bacterial growth in the medium for counting fungi.
Cycloheximide was added to the media for bacteria and actinomycetes
before autoclaving. This chemical suppresses fungal growth. These media
have been previously used in similar experiments (Gregory et at .,1963
Chang and Hudson, 1967 Hayes, 1969). The dilution plates were counted
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after a week except the plates incubated at 45C for bacteria, wnich
were counted after 24 hrs incubation. The results were expressed as the














Fig. 5.1 Measuring the temperatures inside the cotton waste compost stack. RECORDER=
Thermorecorder a,b,c= thermo-cords sensing the temperature of the upper, middle,
and lower parts of the compost stack as indicated.
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Table 5.1 Degree of dilutions for quantitative analysis of microorganisms in compost
.Dilutions
Stage BacteriaActinomycetes Fungi.
45°C 23°c 45°C 23°C 45°C 23°C
104- 106 105- 107 104- 106 104- 106 10Z- 104 102- 104AC
106- 108 105- 107 105- 107 104- 106 103- 105 102- 104AF
106- 108 105- 107 105- 107 104- 106 103- 105 102- 104AP
106- 108 105- 107 105- 107 104- 106 103- 105 102- 104BS
106- 108 105- 107 105- 107 104- 106 103- 105 101- 104AA
106- 108 105- 107 105- 107 104- 106 103- 105 101- 104BH
Code: stages are defined in Material and Methods.
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Table 5.2 Media used for selective growth of microorganisms




Difco Bacto Nutrient agarBacteria 23 g
0.5gCycloheximide
1000 mlDistilled water










The environmental factors analysed were temperature, pH and
moisture content. The temperature curves for the composts in Exps. 5.1
and 5.4 were similar, but those for the composts in Exps. 5.2 and 5.3
were much lower. pH curves and moisture curves were similar in all
experiments. These curves were plotted in Figs. 5.2, 5.3,5.4 and 5.5.
Three temperature curves were recorded for each compost during
composting. They were the curves for the upper, middle and lower
part of the compost stacks. The temperature in the upper part was
always the highest of.the three the temperature in the lower part
being the lowest. The temperature curves in the upper part were used
for description purpose.
The compost stack in Exp, 5.1 reached the highest temperature
among the four experiments. It also showed the sharpest rise in
temperature, reaching its maximum temperature (57°C) after only 24
hrs of composting. Though the initial air temperatures were similar
for Exps. 5.1 and 5.2, the temperature curves for these experiments
were quite different. The compost in Exp. 5.2 reached 48°C after four
days of composting. Because the materials used to prepare composts
were similar, the materials themselves should-not be responsible for
such deviation. Other factors, such as the aeration condition in these
composts, may be responsible for such deviation.
The composts after four days of composting were moved into the
mushroom house and separated into beds of 8 kg each. The temneratiire
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curves thereafter were similar in all experiments and always followed
the controlled air temperature. The mushroom house was first
pasteurized. Steam was injected into the mushroom house to bring
the temperature up to 62°C. This was kept at that temperature for 2
hrs. The house was then cooled down to 52°C by introducing fresh air
into it. It was kept constant by steam for 8 hrs. The compost beds
were typically 2 to 3°C lower than the air temperature during the 62°C
period. They dropped as the air temperature dropped, but they dropped
more slowly. The beds were spawned the next day when they were cooled
to 38 to 40°C. The temperature of the compost beds and in the air were
kept in the range 30 to 35°C until mushrooms-were harvested.
The initial pH values were typically high, e.g., in Exp.5.1
the initial pH value was 10. It dropped to value around 8 when
composting was terminated. pH values of the compost during cultivation
varied between 7.5 to 8.5. Such fluctuation was considered to be not
critical.for the microorganisms inhabiting compost beds to grow.
Freshly prepared composts contained about 75% moisture. There
was a decrease to around 70% when composting was stopped and then
the level was maintained more or less constant.
5.3.2 Changes in the number of bacteria:
The numbers of six groups of microorganisms at different stages
are listed in Table 5.3 and 5.4. The numbers of mesophilic and thermo-
philic bacteria were followed separately and results for four composts
are expressed in Figs. 5.6, 5.7, 5.8 and 5.9. These figures show the
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logarithm of the numbers present per g dry compost. The temperature
curves are also shown for reference.
Despite the apparent differences in the bacterial population
patterns for different experiments, there were several points that
were common in all experiments: the initial numbers of both mesophilic
and thermophilic bacteria were low, both were in the order of 107 per
g dry compost. Both populations increased immensely as the temperature
of the compost rose. This phenomenon indicates that cotton waste when
properly moistened and supplemented can be a good substrate to support
bacterial growth. The numbers of both bacterial populations fell as the
mushroom house was steamed to raise the temperature inside to 62°C and
maintained at such temperature for two hrs. However, both populations
increased to a high level after pasteurization was completed and the
compost beds were cooled down to 38 to 40°C for spawning. The mesophilic
population fluctuated little during spawn running and harvesting while
the thermophilic population decreased eventually as the bed temperature
dropped.
The thermophilic bacterial population curve shown in Fig. 5..8
was an exception to the general pattern described above. The number
of thermophilic bacteria remained rather low when composting was terminated.
The temperature in this compost was very low. For the first two days the
temperature in the compost was below 30°C, which is the minimum temperature
margin for most thermophilic bacteria. The temperature in the third day
rose to 45°C and finally it reached 48°C. The duration with temperatures
high enough to support an abundant growth of thermophilic bacteria was
too short. Nevertheless, the thermophilic bacterial population
increased rapidly during the 52C -.period
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of pasteurization.. If a combination of high levels of mesophilic and
thermophilic bacterial populations are essential for the growth of the
straw mushroom, pasteurization can be viewed as an effective procedure
ensuring the composts to have such combination.
5.3.3 Changes in the number of actinomycetes
Population changes in mesophilic and thermophilic actinomycetes
were followed separately (Figs. 5.10, 5.11, 5.12 and 5.13). The
population curves of these two groups seemed to be rather irregular
among different experiments. However, there are several points that
can be generalized. The number of mesophilic actinomycetes increased
in the first four days of composting and then decreased when the
temperature rose to 62°C during steam pasteurization. It rose again
during the 52°C period of pasteurization and cooling. It dropped
eventually during spawn running and harvesting.
The number of thermophilic actinomycetes also increased during
the composting period. They were suppressed during pasteurization at
62°C when their population levels were high after composting. Two
examples were shown in Figs. 5.10 and 5.13. On the other hand, they
increased a little when their population levels remained low after
composting. Two examples were shown in Figs. 5.11 and 5.12. No
explanation suggested itself for these phenonmena. Nevertheless,
the thermophilic actinomycetes increased to significantly high levels
when the beds were spawned. They further increased during spawn running
and then fluctuated little. This gives further support to the proposal
in the last section that pasteurization provides a combination of high
levels of mesophiles and thermophiles.
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5.3.4 Changes in the number of fungi:
The numbers of mesophilic and thermophilic fungi were followed
and the results for two composts are expressed in Figs. 5.14 and 5.15.
The patterns of changes in number in these two examples were quite
different. The curves in Fig. 5.14 refers to a'well-fermented' compost.
The temperature in this compost rose to 54°C in the second day of
composting. Thus the temperature of fermentation during the whole
process was always above 50°C. The second example refers to an 'ill-
fermented' compost which had its fermentation at a temperature below
45°C. When these features were taken into account, there was little
doubt that the fungal populations in these composts behaved differently.
Disregarding the temperature difference in the two composts,
the number of mesophilic fungi decreased when the stacks were composted
for 4 days. It further decreased when the temperature rose to 62°C.
In Exp. 5.1, the mesophilic fungal population remained low during spawn
running and harvesting periods. On the contrary, the mesophilic fungal
population in Exp. 5.3 increased rapidly during the same period and
remained high throughout cultivation.
The thermophilic fungal population in Exp. 5.1 increased
gradually and fluctuated little during composting and pasteurization.
It remained high during spawn running and then decreased gradually to
a very low level. The thermophilic fungal population in Exp. 5.3
remained low during composting and the 62°C period of pasteurization.
It then increased rapidly and remained at a high level throughout
cultivation.
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Such patterns lead to a conclusion. that a 'well-fermented'
compost is rather specific for the straw mushroom to grow. On the
contrary, an 'ill-fermented' compost is not specific. It supported
the growth of a large number of mesophilic fungi which are always
competitive to the mushroom. The thermophilic fungal population were
typically high during spawn running, whether the compost was well-
fermented or not. This population, which mainly consisted of Hw'nicoi
4p., was considered beneficial to mushroom growth. The role of
pasteurization in providing a high level of thermophiles is again
evident here.
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Table 5.3 Microbial populations at different stages of mushroom cultivation (Exp.5.1)
Unit: number per g compost dry weight
Bacteria Actinomycetes Fungi
Time of Therm. Meso. Therm. Meso. Therm. Meso.
sampling (x107) (x107) (x106) (x106) (x104) (x104)
Composting 1.1 3.3 9.0 1.0 10 50
Filling 397 245 107 19.3 23 30
Pasteurization 590 127 549 13.0 41 3
Spawning 175 94 133 12.9 19 1
Aeration 576 44 271 2.7 32 1
Harvesting 236 109 683 - 2 2
no data, owing to inappropriate dilutions or
overgrown by yeast on plates for fungi.
Table 5.4 Microbial populations at different stages of mushroom cultivation (Exp. 5.2)
Unit: number per g compost dry weight
Bacteria Actinomycetes Fungi
Time of Therm. Meso. Therm. Meso. Therm. Meso.
sampling (x107) (x107) (x106) (x106) (x104) (x104)
Composting 1.5 1.2 8.3 1.5
Filling 140 603' 42.5-
Pasteurization 42 36 160 8.1
Spawning 776 150 .240 35
Aeration 1380 227 55 12
Harvesting 248 428 86 44
'-'= no data, owing to inappropriate dilutions or overgrown by yeast on plate for fungi.
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Table 5.5 Microbial populations at different stages of mushroom cultivation txp. -.).j)













Remarks:'-'= no data, owing to inappropriate dilutions or
overgrown by yeast on plates for fungi.
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Table 5.6 Microbial populations at different stages of mushroom cultivation (Exp. 5.4)






































AC AF AP BS AA BH
Fig.5.2 Temperature, pH and moisture content curves of the cotton waste compost (Exp. 5.1)
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Temperature, pH and moisturecontent curves of the cotton waste compost (Exp. 5.2).Fig. 5.3
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Fig. 5.4 Temperature, pH and moisture content curves of the octton waste compost (Exp.5.3).






























Fig. 5.5 Temperature, pH and moisture content curves of the cotton waste compost (Exp. 5.4).
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Fig. 5.6 Changes in the number of bacteria in cotton waste compost during mushroom cultivation (Exp. 5.1).
Temperature curve is superimposed as a dotted line.
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Fig. 5.7 Changes in the number of bacterian cotton waste compost during mushroom cultivation (Exp.5.2).
Temperature curve is superimposed as the dotted line.
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AC AF AP BS AA BH Stages
Fig. 5.8 Changes in the number of bacteria in cotton waste compost during mushroom cultivation (Exp.5.3).
Temperature curve is superimposed as the dotted line.
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c) The Government should monitor the balance of provision
of places between craft level and lower technician level
courses at the technical institutes, to ensure that it
satisfies the changing manpower requirements of the
economy.
d) The Government and the employers' association should
intensify their efforts to educate individual employers
to the value of part-time day release courses at the
technical institutes and at the Polytechnic.
If all the above recommendations are accepted by the employers,
the trade unions, and the Government, an improved management of human
resoruces in Hong Kong may be possible. It is not the intention of
this research paper to quantify the resources needed. It is however,
a matter of common knowledge that a provision for the development of


















AC AF AP BS AA Bh Stages
Fig. 5.10 Changes in the number of actinomycetes in cotton waste compost during cultivation of















Fig. 5.11 Changes in the number of actinomycetes in cotton waste compost during mushroom cultivation
(Exp. 5.2). Temperature curve is. superimposed as the dotted line.
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AC AF AP BS AA BH Stages
Fig. 5.12 Changes in the number of actinomycetes in cotton waste compost during mushroom cultivation
(Exp. 5.3). Temperature curve is superimposed as the dotted line.






























Fig. 5.13 Changes in the number of actinomycetes in cotton waste compost during mushroom cultivation
(Exp. 5.4). Temperature curve is superimposed as the dotted line.
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Fig. 5.14 Changes in the number of fungi in cotton waste compost during mushroom cultivation (Exp. 5.1).
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Fig. 5.15 Changes in the number of fungi in cotton waste compost during mushroom cultivation (Exp. 5.4).
Temperature curve is superimposed as the dotted 1ine
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DISCUSSION5.4
Composting for mushroom cultivation is different from composting
common farm wastes. A typical temperature/time curve of a common compost
heap is shown in Fig. 5.16 (Gray et al.,1971). Comparing such curves
with the temperature curve of a cotton waste compost and that of a
compost for cultivating Agaricus (Hayes, 196 8), there are obvious
differences. The fermentation of a mushroom compost was interrupted at
40 to 50°C, during or before the cooling period. Such incomplete
fermentation should result in a larger conservation of'materials,
especially the complex ones such as cellulose, and hemicellulose,
which will be used by the mushroom. At the same time, a higher level
of both thermophilic microbial population should be observed.
Temperature of the compost rose by the conservation of heat
generated by microorganims. This elevated temperature would influence
the population levels of different microbial groups in the compost.
The importance of temperature has been stressed before (Waksman et al..
1939 Chang and Hudson, 1967 Hayes, 1974). In this experiment, the
importance of temperature to the microbial populations has already
been mentioned in the result section. Another important factor is
aeration. No attempt was made to follow,changes in oxygen and carbon
dioxide levels during composting or during other stages. The compost
stacks were turned once during composting, thus aeration was considered
to be sufficient. However, the oxygen and carbon dioxide levels should be
measured if further experiments are designed. Fluctuations in pH and
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moisture contents during different stages were considered to be not
profound enough to influence microbial populations.
The importance of using dilution plate technique in comparative
studies of microbial populations in mushroom compost was discussed by
Hayes (1968). The determination of the total population of fungi by
such technique refers to the number of viable cells, spores and
mycelium fragments which will grow on Czapek-dox agar. The limitation
of this technique in studying fungi was discussed by Warcup (1960).
It gives little information about the activity of the fungi present.
Using this technique, the numbers of different groups of microorganisms,
namely bacteria, actinomycetes and fungi were estimated. A succession
of dominance was shown. This provided a relevant ecological basis to
the preparation and subsequent colonization of compost by the straw
mushroom. This can be considered as three functional stages which are
similar to the stages described in Agaricus cultivation (Hayes, 1975).
However, they are different in detail. The three stages are:
a. The establishment stage:
High levels of microbial populations were established after 4 days
of composting of a properly supplemented and moistened cotton
waste stack. All microbial groups increased in their numbers
immensely, with mesophilic fungi as an exception.
b. The maturation stage:
The high levels of microbial populations were then suppressed by
steam pasteurization at 62°C. The numbers of all groups, especially
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the mesophiles, were significantly lowered. Further pasteurization
at 52°C and subsequent cooling supported an increase of all microbial
populations. Presumably, this high level of population should be
different from the high levels of populations at the end of the
establishment stage. The optimum temperatures for the thermophilic
populations should be around 40 to 50°C. Thus, pasteurization may
be a selective process, allowing a certain combination of microbial.
populations to colonize the mushroom beds before they were spawned.
This stage should not be considered to continue until the beds
were spawned at 40°C, but should be considered to continue until
the beds were observed to be colonized by a thermophilic fungus
Hum coa. At this last stage, there was a high level of thermophilic
population and a moderate level of mesophilic population.
c. The colonization stage:
This stage overlapped with the maturation stage after the beds
were spawned. During this stage the mushroom mycelium colonized
the beds. Temperatures was maintained at 32+ 2°C which was the
optimum temperature for the straw mushroom. Under this temperature,
there was a more or less constant level of microbial populations.
The numbers of thermophilic bacteria, fungi and mesophilic actino-
mycetes generally decreased when pinhead appeared and harvest
began.
Although no attempt was made to analyse the microbial succession
in a qualitative way, it was noticed that during spawn running, there
90
was an extensive growth of a thermophilic fungus HumicoIa sp. This
fungth appearing as a whitewide-spreading mycelium, was always accompanied
by a good yield of mushroom. Similar results were obtained in the
studies of the Aga icw5 compost. A thermophilic strain of Hwnico
w%gALUcews was isolated by Bels-Koning et at. (1962) who described
that the growth of this fungus brought about an improvement of the
Agai cups compost. Specific fungal growth on mushroom compost was
shown to be responsible for the selectivity of the compost as a
mushroom substrate. Further studies on the composting of cotton waste
and the subsequent straw mushroom production should include a
qualitative analysis on the fungal populations.
The importance of the establishment of a high level of microbial
populations has been discussed by Hayes (1975). Bacterial populations
may be important as 'compost microbial biomass' that serves as food
for Agatr iew (Hayes, 1968). Thermophilic bacteria isolated from
mushroom compost were found to form amino acids and vitamins actively
(Stanek, 1969), which stimulated the growth of the mycelium of AgcAicu/5
(Treschow, 1943). Extracellular polysaccharides formed by these
bacteria supported extensive growth of the mycelium of Agaricus also


























Fig. 5.16 Temperature/time curves of composts:
A. Common farmyard or municipal compost
(after Gray et at.. 1971); B. Cotton waste
compost for V. votvaceacultivation. C. Wheat
straw with horse manure for A. bispoius




GENERAL SUNMMARY AND CONCLUSION
The cotton waste compost in straw mushroom production is similar
to the soil substratum in plant cultivation. It serves as a physical
support and reservoir of water and nutrients. Unlike rice straw in
the traditional method of straw mushroom cultivation, cotton waste
needs a certain degree of fermentation, or composting, before it can
be successfully used for growing straw mushrooms. Such composting is
a mixed culture fermentation in which large amounts of different
microbial groups establish themselves and transform the compost
constituents into nutrients suitable for the straw mushroom. It is a
very complicated process, and so is the subsequent colonization of
the compost by the straw mushroom itself which is the dominant
microorganism during this stage. Significant changes in microbial
ecology, physical and chemical properties occur during the cultivation
process. Results obtained in this investigation give a preliminary
understanding of these dynamic changes.
Results in Chapter 3 of Part I gave analytical data on the
inorganic composition in cotton waste and its compost. Cotton waste
was found to have enough of the essential elements that existed in the
mushroom itself. The changes in the apparent levels of the metallic
elements in the compost fluctuated at different stages of mushroom
cultivation. After the ultimate harvesting there was an apparent
increase in the level of each element. This was due to the loss of
organic materials through the respiration of the microorganisms in
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the compost. Minerals present in the spent compost permit its use
as a soil conditioner and fertilizer. Although N. P, K contents in
the spent cotton waste compost were not high compared to commercial
fertilizers, they were comparable to farmyard manure. The spent
compost was especially rich in calcium magnesium and other minerals.
When the metallic contents were considered on a constant ash basis,
they were rather constant, indicating that there was no significant
loss of minerals during the whole process. Data in this chapter also
showed that as an industrial waste material, cotton waste had a very
low content of heavy metals such as zinc, copper,ch romium and manganese.
Lead could not be detected.
The first part of Chapter 4 of Part I presented analytical
data on the organic composition of cotton wastes and supplementary
materials used in preparing cotton waste composts. As expected, cotton
wastes were very rich in hemicellulose and cellulose (over 80% of the
organic matter). Cotton dust and rice bran were well balanced
supplementary materials, especially rich in lipids and minerals.
Treated chicken manure and sewage sludge were nitrogen and mineral
rich.
The second part of Chapter 4 gave analytical data on the organic
composition of two cotton waste composts and followed the changes of
the levels of the organic constituents during mushroom production. The
changes could best be considered on a constant ash basis. During
composting and pasteurization the levels of hot water extract, hemi-
cellulose and cellulose decreased. This decrease continued until the
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appearance of pinheads. However, the levels of hemicellulose and
cellulose depleted only a little during the fructification period. The
percentage of lignin remained more or less constant throughout the
whole process. A preferential utilization of polysaccharides was very
evident in both the composting process and the mushroom spawn running
period. Since little change in the level of polysaccharides was observed
during the fructification period, it seemed reasonable to conclude that
once the mushroom mycelium established itself and started to form primodia
primodia, it did not require large amounts of carbohydrate as energy
and structural materials. The formation of mushroom fruit bodies seemed
to use energy and structural components stored in the mushroom mycelium.
The changes in numbers of microbial populations during composting,
pasteurization and mushroom production on cotton waste compost were
followed in Chapter 5. Six microbial groups were analysed, namely,
thermophilic and mesophilic bacteria, thermophilic and mesophilic fungi,
and thermophilic and mesophilic actinomycetes. All microbial groups
except mesophilic fungi established themselves during the composting
process. High levels of these microorganisms were suppressed during
the 60°C period of pasteurization but regained a high level when the
compost beds were cooled down and spawned. The cotton waste composts
were considered mature when the beds were observed to be colonized by
Humicola, a thermohilic fungus. At this stage there was a high level
of thermophilic microorganisms and a moderate level of mesophilic micro-
organisms. The levels of microbial populations were more or less
constant during spawn running. When pinheads appeared and harvest
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began, the numbers of thermophilic bacteria, fungi and mesophilic
actinomycetes generally decreased.
Our present understanding of the composting of cotton wastes and
the subsequent mushroom cultivation is then as follows: the establish-
ment of microbial populations during composting and pasteurization
brought about both physical and chemical changes in the compost. Physical
changes included a sharp increase in compost temperature and a decrease
in compost pH. Chemical changes were shown by the decrease in total
carbon, which resulted from decreases in sugars, hemicellulose and
cellulose.There was no evidence for loss of minerals, total
nitrogen, total phosphorus and lignin, therefore, on a proportional
basis, there was an apparent increase in levels of these compounds in
the composts. Since a high level of thermophilic fungi, bacteria and
actinomycetes existed during spawn running and fructification periods,
the changes in chemical constituents during these periods-should
be considered as a result of the combined activity of the straw mushroom
and these microorganisms - the straw mushroom being the dominant species.
Large quantities of cellulose were used up during the spawn running
period while lignin was virtually unattacked. Little change was observed
during the fructification period.
This dissertation is just a first step toward a thorough under-
standing of the preparation of substrates and the subsequent cultivation
of vilvariella volvacea on such substrates. It is hoped that on the
basis of the knowledge obtained, further experimentations will be
inspired to answer the unsolved problems and eventually lead to a
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thorough understanding and improvement of the cultivation procedures
in growing the straw mushroom, a delicious and nutritious food.
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APPENDIX 1
CULTIVATION OF colvariella volvacea FROM COTTON
WASTE COMPOSTS (Chang, in press b)
A1.1 Spawn production: Pure culture of V.volvacea strain V-5(T-1)
derived from a tissue isolation in 1974 was used to make spawn
for all experiments. The spawn substrates were: (1) used tea
leaves which were collected from local Chinese restaurants, and
(2) selected cotton waste which contained short fiber material
as well as cotton seed hulls, thus providing more nutrients and
air space for mycelial growth. Both spawn materials were cleaned
with water at least twice, after which the water was drained
and calcium carbonate (usually 2%) was added to adjust the material
to a suitable pH range. Rice bran (2%) and NPK fertilizer (0.5%)
were added for supplemental nutrients. Then the materials were
.bottled, sterilized and inoculated as shown in Figure A1.1.
A1.2 Preparation of the compost: Different grades of cotton wastes
(droppings, card flies, cutter flies.and oily sweepings) were
mixed and put inside a wooden frame (92 cm x 92 cm x 28 cm).
Water and 5% limestone (or CaCO3), and other materials, e.g.
chicken manure (5%), or sewage sludge (5-10%) and NPK fertilizer
(1%) etc. were added gradually. The compost was stamped on to
enhance absorption of water and mixing of the components. Any
large pieces of cotton waste were torn into small parts at this
stage. When the frame was completely filled with moistened cotton
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wastes, it was pulled up so that another layer of compost
could be contained within it. One pile of compost usually
consisted of four to six layers and was about 70-90 cm high. Then
the pile was covered with a plastic sheet and allowed to ferment.
After two days, the fermenting composts were turned, thoroughly
mixed by a mechanical mixer, and supplemented with 5% rice bran
and, of course, water when needed. The mixed supplemented composts
were then piled up and covered with plastic sheets again.
Fermentation was continued for another two days.
A1.3 Filling'the beds: It takes about four days to prepare the compost
after which it can be made up into beds. In our experiments the
bed areawas about 0.4 sq m (4.5 sq ft). The layer of compost was
about 10 cm thick and consisted of 8 kg dry weight or 26 to 28 kg
wet weight of the cotton wastes. All beds with differently treated
composts were randomly arranged on shelves.
A1.4 Pasteurization: After filling the beds, live steam was introduced
into the mushroom house. Within two hours, the air temperature
gradually rose to 60-62°C. This temperature was maintained for 2
hours. The air in the mushroom house was then cooled down to 52°C
by the introduction of a gentle stream of fresh air. A temperature
of 50-52°C was maintained for 8 hours with a continued air supply.
The steam valves were.then closed and the temperature allowed to
drop gradually to 34-36°C for spawning. This latter step takes
about 12-16 hours depending on the outdoor temperature.
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A1.5 Spawning: The air temperature in the mushroom house was cooled
down to 35°C with a bed temperature 36-38°C which should be a
suitable temperature for spawning. The amount of spawn used was
1.4% of the dry weight of the compost, or 0.4% of the wet weight.
Full growth was achieved within3-4 days depending upon compost
quality and temperature. The pure culture spawn was taken out of
the container and placed on a tray for easy handling. It was then
pressed and broken into the compost which has been scooped out to
a depth of 2-2.5 cm at intervals of 12-15 cm. The inserted
spawn was then covered with the displaced compost. Next, the beds
were covered with thin plastic sheets. The temperature of the
room was maintained at 32-340C during the period of spawn running.
A1.6 Fructification: During the three-day period of spawn running,
no water and light were needed, but a little ventilation was provided.
Three days later, white light was introduced into the room by means
of fluorescent lamps, and more ventilation was given. Under good
composting and pasteurization conditions, unidentified species of
Actinomycetes and Humivols 6udvostra Traaen were well developed in and
on the beds with mycelia of volvariella during the spawn running
period. After removal of all plastic sheets and sprinkling the
beds with water on the 4th day, growth of Actinomycetes and Humicola
were retarded, but Volvariella continued to grow. On the 5th day
after spawning, primodia of fruit bodies usually appeared on the
surface of the beds.
The complete process is summarized in Fig. A1.2.
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Filling AT FILLING (AF)
Pasteurization
60°C 2 hrs. AT PASTEURIZATION (AP)
52°C 8 hrs.
BEFORE SPAWNING (BS)Spawning (36C)
3 days
Spawn running AT AERATION (AA)(32C)
Ventilation light 2 days
AT PINHEAD APPEARANCE (APA)Pinhead formation (30-320C)
4-5 days
Harvesting (29-32°C) BEFORE HARVESTING (BH)
4-5 days
First flush ends POST-HARVEST (PH)
Fig. A1.2 Flow chart for Vofvcvu.e a votvaceu, cultivation. The underlined






Compost samples were collected-from three different parts of
the compost stack, i.e., the upper corner, the lower corner
and the central portion of the compost stack. About 200 to
300 g fresh weight of samples were collected from each part
and pooled into one composite sample.
Samples were collected from three random sites of the compost
.beds at about 3 cm beneath the bed surface. These three
samples were then pooled into one composite sample which
weighed about 300 g.
AL.L sample pretreatment:
Compost samples were stored in fresh plastic bags and brought
to the laboratory. They were dried immediately in an oven at
105°C until constant weight. Moisture content were calculated.
Dried samples were torn into small pieces and then milled through
a 0.5 nmi sieve with a Wiley mill. The powder was dried again
at 105°C for 24 hrs., cooled and stored in air-tight glass bottles
for further chemical analysis.
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APPENDIX 3
WAVE LENGTHS AND CONDITIONS USED FOR DETERMINATION OF METALLIC
ELEMENTS BY ATOMIC ABSORPTION SPECTROPHOTOMETRY
C2H2 mA burner gain
Element wave length fuel rate air flow current slit height coarse fine mode
Cd 228.9 2.0 6.9 6 2 4.0 1 7.8 Absorption
Cr 357.6 4.1 7.2 8 1 3.5 1 9 A
Cu 324.9 1.2 6.8 11 1 4 2 7.2 A
Fe 248.3 1.4 6.7 15 1 4 5 8 A
Mn 279.5 2.5 7 10 1 4 3 4.1 A
Pb 217.7 2.5 6.9 10 13 4 5 4.5 A
Zn 214.1 2 6.9 20 2 4 2 3 A
Ca 422.8 3 7.0 1 0 3 2 Emission
Mg 202.8 3 7.2 12 2 4 8 2.8 A
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